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Predictive Value of Normal Left
trial Volume in Stress Echocardiography
hmed A. Alsaileek, MD, Martin Osranek, MD, Kaniz Fatema, PHD, Robert B. McCully, MD,
eresa S. Tsang, MD, James B. Seward, MD
ochester, Minnesota
OBJECTIVES Our objective was to evaluate whether normal left atrial volume index (LAVI) is a predictor
of a normal stress echocardiogram and thus a predictor of low ischemic risk.
BACKGROUND Left atrial enlargement is closely related to the chronicity and intensity of the burden of
increased ventricular filling pressure. Typically ischemic heart disease (IHD) has a long period
of subclinical dysfunction. Increased filling pressure, reflected by enlarged LAVI, is hypoth-
esized to mirror the burden of subclinical and overt IHD. We hypothesized that a normal
LAVI might also be useful in predicting low IHD risk.
METHODS One hundred eighty randomly selected patients (mean age, 63  15 years; 53% men)
underwent outpatient exercise or dobutamine stress echocardiography for known or suspected
coronary artery disease. Left atrial volume index was measured retrospectively with the
biplane area-length method. The stress echocardiogram was interpreted as abnormal if wall
motion abnormalities (WMAs) were noted at rest and/or with stress.
RESULTS Left atrial volume index was categorized as 28 ml/m2 (normal), 28.1 to 32 ml/m2, 32.1 to
36 ml/m2, and 36 ml/m2. Abnormal stress echocardiography was identified in 57 patients
(31.7%). The percentage of abnormal stress echocardiograms in each LAVI category was
5.7%, 21.9%, 38.7%, and 54.7%, respectively. The negative predictive value for LAVI 28
ml/m2 was 94.3%.
CONCLUSIONS Normal resting LAVI (28 ml/m2) was strongly predictive of a normal stress echocardio-
gram. Left atrial volume index might be a simple means of identifying patients with low
ischemic risk and should be further evaluated as a complement to the assessment of ischemic
risk. (J Am Coll Cardiol 2006;47:1024–8) © 2006 by the American College of Cardiology
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.09.069Foundation
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(eft atrial volume index (LAVI) is a preferred method for
etermining LA size and provides incremental prognostic
nformation beyond that afforded by clinical risk factors (1,2).
eft atrial volume index reflects the chronicity and magnitude
f the increased left ventricular (LV) filling pressure and is
losely related to general cardiovascular risk burden (3–5).
schemic heart disease (IHD) has been demonstrated to cause
ubclinical diastolic dysfunction before systolic dysfunction
ecomes evident (6–8).
Multiple studies have shown the value of normal LAVI
or the prediction of general cardiovascular risk (9–14) and
normal stress test for the prediction of low ischemic risk
15–18). Our study specifically addressed the hypothesis
hat a normal resting LAVI is also predictive of a normal
tress echocardiogram and a low risk of IHD. In many
linical settings, stress testing might not be available,
hereas it is often possible to obtain a focused echocardio-
raphic examination, which could include measurement of
AVI.
ETHODS
tudy population. Approval was obtained from the insti-
utional review board of the Mayo Foundation. We used the
From the Division of Cardiovascular Diseases, Mayo Clinic, Rochester, Minnesota.
r. Osranek was supported by post-doctoral fellowships from the Austrian Science Fund
Schrödinger Stipend) and the American Heart Association.a
Manuscript received May 23, 2005; revised manuscript received August 16, 2005,
ccepted September 19, 2005.tress echocardiography database to identify patients who
ad undergone clinically indicated outpatient exercise or
obutamine stress echocardiography between February 1,
004, and March 31, 2004. The entry criterion was resting
wo-dimensional images appropriate for blinded retrospec-
ive off-line measurement of LAVI. Exclusion criteria were
mages inadequate for measuring LAVI, an indeterminate
tress result, and denial of research authorization. Of 1,000
atients, we randomly selected a sample of 200 subject
tudies with a computer algorithm.
ata acquisition. Atrial volume, with the biplane area-
ength method, was indexed to body surface area. With
ff-line rest images obtained before the stress test, LAVI
as measured at the end of ventricular systole just before
pening of the mitral valve (1). Left atrial volume (LAV)
as calculated as follows:
Area4-chamber Area2-chamber
Shortest length
 0.85
ormal and abnormal LAVIs have been previously pub-
ished (5,19,20). For this study, we used LAVI 28 ml/m2
s normal.
As published previously (21,22), the stress echocardio-
rams were interpreted as normal if wall motion was normal
oth at rest and with stress. Wall motion abnormalities
WMAs) were divided into three groups: 1) fixed—WMA
t rest, which remained unchanged with stress; 2) mixed—
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MA—no WMA at rest and new WMA with stress.
tatistical analysis. Results are presented as mean values 
D for continuous variables and as frequency percentages for
ategorical variables. Group comparisons were performed with
standard t test or chi-square test, as appropriate. Univariate
ssociations of stress echocardiographic (normal/abnormal
est), LAVI, and clinical variables were assessed with logistic
odels. The effect of LAVI on stress echocardiographic
ariables was also estimated with a logistic model after
djusting for age, gender, low ejection fraction (0.50),
V end-diastolic diameter, and LV hypertrophy. Left atrial
olume index was used as a dichotomous variable (LAVI
28 ml/m2) in all the models. Significance was defined as p
0.05 for all analyses. Some clinically significant variables
ere forced into the model with an insignificant p value.
he interobserver variability for LAV measurements was
etermined for 20 randomly selected studies. The LAV
easurement was obtained by two independent observers,
nd the interclass correlation was estimated to be 0.91 (95%
onfidence interval, 0.82 to 0.96).
ESULTS
f the 200 randomly selected patients, 20 (10%) were
xcluded because echocardiographic images suitable for
Abbreviations and Acronyms
CAD  coronary artery disease
IHD  ischemic heart disease
LAV  left atrial volume
LAVI  left atrial volume index
LV  left ventricle/ventricular
WMA  wall motion abnormality
able 1. Clinical and Echocardiographic Features of the Study G
Feature Normal (n  123) Is
ge, yrs, mean  SD (range) 61  15 (27–89)
en, % 46
MSI, mean  SD
Resting 1.0  0.0
At peak 1.0  0.0
AVI, ml/m2, mean  SD (range) 31.9  10.6 (16.9–68.8) 38.6
obutamine echo, % 43
V wall thickness, mm
Septal 9.5  1.3
Posterior wall 9.5  1.4
V dimensions, cm
LVDD 4.6  0.4
LVSD 3.1  0.3
VEF, %
Resting 61.2  4.2
At peak 74.0  5.6
p  0.05 compared with the normal.
EF  ejection fraction; LAVI  left atrial volume index; LV  left ventricular; LVDD 
otion score index.AVI measurement had not been obtained. Of the 180
emaining patients, 96 (53%) were men (mean age, 63  15
ears; range, 27 to 89 years) and 47.8% underwent dobut-
mine stress echocardiography. The patients’ baseline char-
cteristics are presented in Table 1.
ormal LAVI. Normal LAVI (LAVI 28 ml/m2) was
ound in 53 patients (29.4%) (mean age, 59  13 years;
ange, 27 to 85 years); 45% were men and 36% underwent
obutamine stress echocardiography (Table 2). The indica-
ions for stress testing in patients with normal LAVI were
hest pain and shortness of breath in 52.8%, preoperative
ssessment in 20.8%, known coronary artery disease (CAD)
n 11.3%, and other in 15%. Of 53 patients with normal
AVI, 50 (94.3%) had completely normal stress echocar-
iograms and 3 (5.7%) had fixed WMA of a small localized
rea in the inferior wall (Fig. 1). No patient with LAVI28
l/m2 had stress echocardiography with ischemic or mixed
MA (positive for ischemia). Normal LAVI had 94.7%
ensitivity, 41% specificity, 94.3% negative predictive value,
nd 42.9% positive predictive value for abnormal stress
chocardiography.
AVI and stress echocardiography results. Wall motion
as interpreted as being entirely normal (no WMA) in 123
atients (68.3%) and abnormal (any WMA) in 57 (31.7%).
he indications for stress echocardiography in normal and
bnormal studies were chest pain and shortness of breath in
3.1% versus 28.1%, preoperative assessment in 28.4%
ersus 33.3%, known CAD in 10% versus 29.8%, and other
n 18.5% versus 8.8%, respectively. For patients with normal
all motion, LAVI was 31.9  10.6 ml/m2 (range, 16.9 to
8.8 ml/m2), and for those with abnormal wall motion,
AVI was 42.7  12.8 ml/m2 (range, 23.3 to 79.9 ml/m2)
p  0.0001) (Fig. 2). Left atrial volume index was largest
or older patients with mixed WMA, 46.5  13.2 ml/m2.
, Categorized by Stress Echocardiography Results
Myocardial Wall Motion
Abnormal (n  57)
ic (n  12) Fixed (n  19) Mixed (n  26)
14 (36–86) 67  12 (51–88) 72  9* (50–89)
50 63 80*
2  0.07 1.5  0.5* 1.5  0.4*
2  0.3* 1.4  0.5* 1.7  0.5*
.8* (29.2–61.4) 39.7  12.3* (23.3–77.3) 46.5  13.2* (30.2–80)
60 63 57
4  1.1 9.6  1.7 9.9  1.3
1  1.3 9.2  1.3 9.7  1.4
8  0.6 5.2  0.6* 5.1  0.8*
3  1.0 4.0  0.7* 3.7  0.8*
0  4.2 50.8  12.6* 50.0  13.4*
7  7.8 61.4  14.3* 56.2  15.6*roup
chem
63 
1.0
1.
 10
10.
9.
4.
3.
64.
71.left ventricular end-diastolic; LVSD  left ventricular end-systolic; WMSI  wall
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ncrease in LAVI (Fig. 1). With logistic regression (Table
), LAVI was an independent predictor of normal stress
chocardiography even after adjusting for age, gender,
esting ejection fraction, LV hypertrophy, and LV dimen-
ions (p  0.0013).
ISCUSSION
his study demonstrates that LAVI is strongly predictive of
tress echocardiographic results. Two observations deserve
mphasis. First, a normal LAVI is strongly associated with
normal stress echocardiogram. Of the patients with LAVI
28 ml/m2, only three (5.7% of abnormal exams) had a
esting WMA and 100% had no stress-induced WMA. In
hree patients a fixed WMA was small and localized to the
asal inferior wall. Second, the more abnormal the LAVI,
able 2. Clinical and Echocardiographic Features of the Study G
Feature <28 (n  53) 2
ge, yrs, mean  SD (range) 59  13 (27–85) 5
en, % 45
MI, kg/m2, mean  SD 28.9  5.3
MSI, mean  SD
Resting 1.01  0.06
At peak 1.01  0.06
obutamine echo, % 36
V wall thickness, mm
Septal 9.5  1.3
Posterior wall 9.3  1.3
V dimensions, cm
LVDD 4.7  0.5
LVSD 3.0  0.4
VEF, %
Resting 61.1  4.6
At peak 74.0  6.4
p  0.05 compared with LAVI 28 ml/m2.
BMI  body mass index; other abbreviations as in Table 1.
igure 1. The percentage of patients with a normal and abnormal stress
chocardiogram with normal or abnormal (ischemic, fixed, or mixed) wall
otion for each category of left atrial volume index (LAVI). None of the
atients with LAVI 28 ml/m2 had a positive stress echocardiogram (i.e.,
ew wall motion abnormality), but three had a fixed wall motion abnor-
ality localized to the inferior wall.
m
vhe more likely the presence of abnormal wall motion (new,
xed, or mixed), which is consistent with data suggesting
he greatest risk for IHD is in the mixed WMA subgroup
21–23).
This study was designed to address the value of normal
AVI as an indicator of low general cardiovascular and
schemic risk. Left atrial volume index has been shown to be
ighly predictive of general cardiovascular risk, including
ypertension, atrial fibrillation, heart failure, stroke, death
ssociated with dilated cardiomyopathy, and death after
cute myocardial infarction (5,9–14,24). Forty-seven pa-
ients (50%) with LAVI 32 ml/m2 had a normal stress
chocardiogram. As we previously reported (5,25), increased
AVI is consistent with chronic elevation of filling pressure
nd increased general cardiovascular risk.
A normal stress echocardiogram is highly associated with
low risk of developing IHD within two to three years
15–18,21,23). The current study shows a strong relation
, Categorized by LAVI Results
LAVI Categories, ml/m2
2 (n  32) 32.1–36 (n  31) >36 (n  64)
12 (32–80) 63  13 (35–86) 71  13* (44–89)
59 45 61
 8.3 28.5  5.1 27.7  5.2
 0.03 1.15  0.33 1.26  0.44*
 0.15 1.22  0.38 1.34  0.48*
50 39 61
 1.5 10.2  2.2 10.1  1.6
 1.5 9.6  1.7 9.9  1.6
 0.5 4.8  0.6 5.0  0.6*
 0.8 3.9  0.8* 3.6  0.8*
 4.9 57.8  9.7 56.0  11.5*
 5.6 68.9  12.7 65.8  14.1*
igure 2. Mean  SD left atrial volume index (LAVI) according to
ifferent wall motion abnormality (WMA) results. Left atrial volume index
s significantly different between normal and any WMA (new, fixed, or
2roup
8.1–3
6 
30.1
1.01
1.05
9.7
9.4
4.8
3.2
61.1
72.8ixed). An atrial volume 28 ml/m is associated with escalating cardio-
ascular risk, including risk of ischemic heart disease.
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March 7, 2006:1024–8 Predictive Value of Normal Left Atrial Volumeetween a normal LAVI and a normal stress echocardio-
ram. Thus, if validated, a normal resting LAVI could be
sed as a predictor of low ischemic risk as well as general
ardiovascular risk.
The chronicity and burden of decreased myocardial
ompliance and increased filling pressure are thus reflected
n the magnitude of increased LAVI (5,26). Elevated filling
ressures cause increased atrial wall tension and myocyte
tretch, which induces atrial enlargement, myolysis, apopto-
is, and fibrosis (27–30). The normal LAVI is 22 6 ml/m2
upper normal, approximately 28 ml/m2) (5,19,20,26). With
ormal hemodynamics, a normal LAVI remains relatively
nchanged throughout life (31,32). End-systolic LAV does
ot change significantly with acute alterations in loading (33).
n contrast to other measures of loading pressure, LAVI best
epresents the average burden of elevated filling pressure (25).
ardiovascular risk, including acute and chronic IHD, is
receded by a long period of asymptomatic change in
ardiovascular pathophysiology.
A normal stress echocardiogram is a strong predictor of a
ow IHD risk (15–18,21,23). Echocardiographic combined
ith clinical findings have been shown to provide a risk
odel for assessing death after an exercise stress test (34).
eft atrial volume index was not included in that particular
tudy. The current study suggests that LAVI in conjunction
ith stress testing should be examined further.
tudy limitations. The study population was small and
elected randomly from an outpatient referral cardiology
ractice. Left atrial volume index was measured retrospec-
ively but in a blinded manner. Although a normal stress
chocardiogram indicates a favorable outcome, it does not
ecessarily exclude general cardiovascular risk. At best,
urrent stress testing, including nuclear, has a sensitivity and
pecificity of approximately 85% (35–37); however, a nor-
al stress test is consistently associated with a low risk for
ubsequent cardiovascular events. We found that a normal
AVI was highly predictive of a normal stress test. In
ertain clinical settings, LAVI might be useful in determin-
ng low IHD risk. Left atrial volume index following acute
oronary syndrome is highly predictive of death (13), but
AVI during an acute event has not been prospectively
able 3. Logistic Regression Showing the Effect of Normal
AVI (28 ml/m2) on Normal Stress Echocardiography After
djusting for Age, Gender, Low Resting EF (0.50), LVH,
nd LVDD
Variable Odds Ratio 95% CI p Value
ge 0.969 0.940–0.999 0.0438
ender, male 0.441 0.190–1.025 0.0570
VDD, mm 0.495 0.193–1.275 0.1452
ow resting EF (0.50) 0.024 0.002–0.247 0.0017
VH 0.398 0.159–0.992 0.0481
AVI 28 ml/m2 8.632 2.325–32.043 0.0013
I  confidence interval; LVH  left ventricular hypertrophy; other abbreviations as
n Table 1.erformed, although LAVI is relatively insensitive to acutehanges in loading, which would accompany an acute
schemic event (33).
onclusions. Patients with a normal stress echocardio-
ram are at low risk for the development of a coronary event
ithin two years. A normal LAVI (28 ml/m2) strongly
redicted a normal stress echocardiogram. The magnitude
f increased LAVI is closely related to the magnitude of
HD detected. Left atrial volume index is also known to
redict low general cardiovascular risk. Left atrial volume
ndex should be assessed further for its complementary role
n stress testing as a means of enhancing prediction of
ardiovascular risk.
eprint requests and correspondence: Dr. James B. Seward,
ivision of Cardiovascular Diseases, Mayo Clinic, 200 First Street
W, Rochester, Minnesota 55905.
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